WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau ** 



per 

INTERNATIONAL APPUCAHON PUBLISHED UNDER THE PATENT COOPERATION TREAXy (PUT) 



(51) International Patent Qassification ^ : 
H04B 17700, 7/26 



Al 



(11) International Publication Number: 
(43) Internationa] Publication Date: 



WO 93/15569 

5 August 1993 (05.08.93) 



(21) Intonatiwial AppUcalion Number: PCTAJS93/00S79 

(22) bitenational Filing Date: 22 January 1993 (22.01.93) 



(30) Priority data: 
826,989 
969,019 



28 January 1992 (28.01.92) US 
30 October 1992 (30. 10.92) US 



(71) Appticant: COMARCO, INCORPORATED [USAJS]; 160 

South Old Springs Road, Anaheim, CA 92808 (US). 

(72) InTOit6rs: FRANZA, Thomas, Alfred ; 27211 Neda, 

Mission Viejo, CA 92692 (US). BURDIEK, Midiael, Jo- 
seph ; 201 E. Chapman, #42C Plaoentia, CA 92670 
(US). ROGERS, Stephen, Wayne ; 1 1 Anzio, Irvine, CA 
92714 (US). FULTON, Dale, Henri ; 5126 Camino Dd 
Norte, Siena Vista, AZ 85635 (US). 



(74) Agents: SIMON, David, M. et al.; Spensley HomJubasA 
Lubitz, 1880 Century Park East, Fifth Floor, Los An- 
geles, CA 90067 (US). 



(81) Designated States: CA, FI, JP, NO, European patent (AT, 
BE, CH, DE, DK, BS, FR, GB. GR, IE, IT, LU,. MC, 
NL, PT, SE). 



Published 

With international search report 



(54) Title: AUTOMATIC CELLULAR TELEPHONE CONTROL SYSTEM 



(57) Abstract 

Embodiments of an invention for quantitative 
testing of a radio telephony network are disclosed. 
An embodiment indudes a computer that causes var- 
ious transcdvers to place calls on the network. The 
computer receives or determines operational parame- 
ters of the transceivers or transmission quality asso- 
dated with those calls and stores the opmtional par- 
ameters for later data processing. S^^^ns for dis- 
playing the stored operational parameters on a map 
are also disdosed. 
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AUTOMATIC CELLULAR TELEPHONE CONTROL SYSTEM 
Con-tinuation Informatiion 

This application is a continuation in part of V.S. 
Application Serial No. 826,989 filed on January 2a, 



Background of the Invention 
Field of the Invention 

This invention relates to the quantitative 
evaluation of networks and more particularly to the 
10 quantitative evaluation of cellular radio-telephony 

networks. This invention also relates to autoi&atic 
testing and control systems and more particulcurly It 



data from the testing of a cellular network to control 



15 

Description of the Prior Art 

In a typical celluleur radio 

. • . ... 

there cure a plurality of cells forming a cellular grid 
across the geographic sorea to be covered by the 
20 network. Each cell comprises at least one fixed base 

transmitter/receiver station that is coupled to the 
land line local telephone network via the mobile 
telephone switching office (MTSO) • 
^ Subscribers to the network have mobile telephone 

tz^ansceivers . These transceivers receive Jjicoming 
calls on a receive channel and make outgoing calls by 
securing a transmit channel to the transmitter/ receiver 
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Station in the cell where the 
currently located* In an 

network, as the mobile telephone trsuisceiver 
throughout the network and leaves a first cell, the 
is "handed off" to the adjacent fixed base 



station of the next cell or another sector of the same 



from the mobile 
with the base 



of the hand 

is 
in 



transceiver is assigned a new channel 



Due to a wide veoriety of reasons, cellular 
networks do not always function optimally. 



initiate a call to the base tremsmitter, a channel may 



being used. Such a situation is called a blocked call 



number 



Although a call may not be 
of channels available may extend access time in placing 



Xn addition, when a mobile transceiver moves 
between cells, a channel may not be available in the 
new cell. At that point., the call may be interrupted 
or "disconnected", in classic land-line psorlance. Such 
calls are referred to as dropped calls. A dropped call 
may also occur without switching cells if there is too 
much interference or the vehicle may have moved out of 
range of the cell due to poor network coverage. 
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Still yet another problem with mobile cellular 
telephone calls is occasional poor audio quality of the 
established communication links. Such poor audio 
quality may result from noise, co-channel and adjacent 
5 channel interference, multi-path problems or other 

common problems associated wi'th radio communications* 

Complaints about poor audio quality and dropped or 
blocked calls have become common to operators of 
cellular telephone networks. Typically, such networks 
10 try to obtain information about the time and the 

location of the dropped call, blocked call or poor 
quality of the call* That information may lead to 
needed modifications of the network such as additional 
base transmitter /receivers , additional cells or the 



However, the utility of using customer complaints 



no^te the time and location of where a problem occunred* 
Further, a measurement of poor audio cpiality during the 
20 call is subjective. Xn addition, since recipients of 

cellular calls may be less likely to complain to the 
cellular provider, problems in the transmit channel for* 
the cellular transceiver are less likely to be 



network include having people traveling throughout the 
network manually dialling calls. These callers can 
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call, wlietlier tHey were able to cOTiplete 



been found to be an inadequate metbod for testing call 
quality as no quantitative data can be evaluated and 
accurate positions for where problems may bave occurred 
difficult to obtain. While the information 



compiled by technicians is generally more precise, 
accurate and complete than customer complaints, the 
10 information still is not highly accurate, complete and 

precise as it tends to be of a qualitative nature. 



a m m per 

of drawbacks. Among the drawbacks of t hese methods is 
that the entire cellular network must be committed for 
the test. However, dedicating the entire network to 



20 during the test. That has been found to be 



Additional techniques used for controlling 
cellular telephone networks is to use propagation 
models of the system area and to factor weather 



the parameters of the 



system such as power used, subsites etc. may be 
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al1;ered. However, propaga1:ion models are not, capable 
of determining areas where the network is being 
overloaded or being subjected to too much electro*- 



Therefore, it is a first object of this invention 
to provide a reliable me2ms for testing a cellulapr 
network. It is a second object of this invention to 
provide quantitative measurements of the quality of the 
available channels. It is still yet another object of 
^this invention to provide an efficient means by 
minimizing manpower. It is a still further object of 
this invention to evaluate the network perfonaance 
without rec[uiring the dedication of the entire network 
-to the test for a given period of time. It is yet^ 
another object to test the availability of chaxmels in 
the network. 

m 

It is yet emother goal of this invention tc 

.... .V 

provide real time information ta the 
controllers. It is a further goal of the invention to 



invention to provide for automatic control of the 

4 

cellular network so that, the network may be 
reconfigured in responses to the real time information « 
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Riimnayy of title Xnvention 

These and other objects are accompllslied in the 
disclosed embodiments of the invention. A disclosed 
embodiment of the invention includes a mobile platform 
such as a utility van housing a network stimulator. 
The stimulator comprises a pltorality of the appropriate 
type of cellular telephone transceivers and a position 
location device such as a global positioning satellite 
(GPS) receiver under control of a stimulator computer. 
Preferably, there is also one or more land-line noise 
measurement stations at at least one base station 

* 

coupled to the telephone line. 

Under control of the computer over a common bus, 
the cellular transceivers repeatedly attempt to 
initiate calls to the base station while the mobile 
stimulator moves throughout the network. The 
stimulator computer records the data from the GPS. 
receiver so that the route of the platform may be 
reconstructed at a later date. 

The particular scenario for the operation of the 
various transceivers is determined by one of a 
selectable group of scenarios programmed by the user. 
One transceiver may repeatedly attempt to initiate 
calls. ^en a blocked call occurs for that 
transceiver, the mobile computer records the time and 
the location of the stimulator in the network. 
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Another transceiver may makes calls leds often but 
the calls are for a longer duration. The received 
audio quality of the receive commiinication channel is 
quantitatively measured through quiet teraination noise 
5 analysis, signal to noise ratio, sinad measvirement 

techniques or the like for that receiver. The receive 
audio quality is recorded by the computer along with 
the position and the time of each such measurement. 

Simultaneously, the land-line noise measurement 
10 station monitors the incoming call to measure 

quantitatively operational parameters associated with 
' the audio channel of the transmit channel through 
similar technic[ues. The land-line noise measurement 
station also records the time of any . measured 



Additional trsmsceivers on the mobile platform may 
be controlled to dial on a competitive cellular network 
to the first network. Thus, quantitative data €dx>ut 
the performance of competitive networks may also be 
20 obtained. Also, an additional transceiver called, a 

monitor transceiver may monitor adjacent voice and 
control channels for adjacent channel interference and 



The stimulator computer monitors the channels of 
all calls and sends those channel numbers to a monitor 
transceiver. The monitor transceiver then scans all 
used channels plus the adjacent channels along with the 
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control channels of the networks being analyzed • The 




The data accimulated by the computer in the base 
station and the computer on the mobile platform may be 
stored and later combined. Using standard database 
techniques, the data may then be displayed on maps of 
the network to highlight problems in the network. This 
data may also be cross-referenced to customer 
complaints compiled by the customer service department 

of the network. 

In an additional embodiment, one or more mobile 
units mounted in vehicles are provided with a position 
location subsystem, at least one cellular transceiver, 
X5 a controller emd a mobile data modem. The controller 

monitors various parameters associated with calls 
placed by a subscriber to the network. Parametric data 
regarding such calls that relate to the performance of 
the network are transmitted on a real time basis over 
20 a high capacity radio data network along with 

positional information sibout the location of the call. 

As an additional aspect of the invention, the data 
transiaitted over the network may be displayed on 
monitors for the system controllers. The displays may 
25 include monitoring of predetermined conditions such as 

dropped calls, block calls or predetermined signal to 
noise levels. As a result, the system operators may 
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then dynamically reconfigure the network by 
transmitting over land lines to the cellular switchee 
to alter the power levels, to reassign different or 
additional frequencies to a cell or to activate subcell 



As additional alternative embodiments, one or more 
additional cellular transceivers may be included in 
each mobile unit for monitoring adjacent channels and 
co-channel noise. In addition, the mobile unit may be 



mobile unit to initiate certain call scenarios as part 
of testing the system. These call scenarios may be 
provided to the mobile unit via the radio data 
coiDmunications network or by field programming of the 



15 

Yet an additional feature of the disclosed 
embodiments includes having a system controller 
monitoring the data transmitted from the mobile test 
units. In response to predetermined conditions in the 
20 network, the network may be dynamically reconfigured 

for automatic, dynamic network system control. 
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ppigcT-jptio ri Q-g lihe Figures 

FIGURE 1 is a block diagram of a networlc 
stimulator according to one embodiment of the 
invention . 

FIGURE 2 is a block diagram of a cellular phone 
interface/ controller shown in Figtire 1. 

FIGURE 3 is a state diagram for the operation of 
the interface/ controller depicted in Figure 2. 

FIGX7RE 4 is a block diagram of an lauid-line noise 
measurement station according to an embodiment of the 

present invention. 

FIGURES B and C are representative maps 

produced by using the data gathering techniques 

described above. 

Fig\xre 6 is a subscriber interface test terminal 
of another embodiment of the disclosed invention. 

Figure 7 is a diagram of a cellular phone system 
and a control computer network for monitoring that 
system using an embodiment of the disclosed invention. 

Figure 8 is a block diagram of a test terminal 
suitable for use in a delivery van or the like* 

Figxrre 9 is a representative map produced by using 

■ 

the data gathering technicpies described above. 

Figure 10 is a histogram of the audio signal to 
£Ehow how co*-chsuinel interference can be determined. 

Figure 11 is a diagram of a further embodiment of 
the invention for testing paging systems. 
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Detailed Dascripiiion of titie Invent:ion 

Figure 1 shows a block diagram of an embodiment of 
a mobile network stimulator or network performance 
terminal 10 that may be used with the present 
invention- The mobile network stimulator iO may be 
mounted on a mobile platform such as a utility van (not 



shown) or the like 



The mobile platform should 



preferably include a reliable power supply to power the 
mobile network stimulator 10. 

The mobile network stimulator 10 includes a high 
performance stimulator computer 12 such as a high 
performance IBM PC compatible computer using a 33 
megahertz 80386 microprocessor, or more powerful 



microprocessor acting as a central controller. 



The 



stimulator computer 12 should preferably include a 
keyboard and a monitor, mass storage media 15 suph as 
a one hundred twenty megabyte hard disk drive and a 
suitable digital signal processor 13 such as a DSP 
module PC1-20202C-*1 along with a compatible analog 
mul'biplex module such as a PVX 20002M-1. Both modules 
for the digital signal processor 13 are available from 

of Burr-Brown» 
The mobile network stimulator 10 also includes a 
vehicle location device 14 for ascertaining the vehicle 
position. The vehicle location device 14 may comprise 
a Magnavox MX4200 global positioning satellite 
liiae/position receiver with dead reckoning capabilities 
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and should be coupled to a suitable antenna (not 
shown) . Alternatively, a ETAC or a IiORAN receiver may 
also be used. The vehicle location device should also 
have a connector to the platform speedometer (not 
shown) to obtain platform speed information for storage 
on mass storage media 15 in a mobile log file as 
explained below* The vehicle location device may also 
include an RS422-RS232 converter so that the vehicle 
location device 14 may be coupled to a suitable I/O 
board on the stimulator computer 12. 

A stimulator 10 in this embodiment may also 
include up to eight transceiver assemblies 16 a-h. 
Each transceiver assembly 16 a-h includes an 
interface/controller module 18 a-h respectively that 
allows a cellular transceiver 20 a-h to be controlled 
by the stimulator computer 12 through a suitable input 
output board of the stimulator computer 12* 

Figure 2 shows a block diagram of the cellular to 
interface/controller module 18 a-h. £a^ cellular to 
interface/ controller module 18 a-h includes a 
microprocessor 180 such as a 68HC11 available from 
Motorola. The loicroprocessor 180 is coupled to an RS 
232 bus through a port 180a to the host cos^uter 12. 
In addition r the microprocessor has an address bus 
output 18 Ob, an internal program EEPROH 180c, a data 
bus output 180 d, an analog input 180 e along with an 
internal analog to digital converter 180 d, interarupt 
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inputs 180 e and an tone output 180 t for providing 
tones to be transmitted over the radio 20 • Eacb 
interface/ controller module 18 a-h also includes a DXHF 
transceiver 184, a real time cloclc chip 186, an 
5 external EPROM 188 for storing program data, RM£ 190 

and an LCD display (not shown) for displaying status 
information regarding the status of the transceivcsr 

16 a-h. In addition, each interface/ 
controller 18 a-h has a radio interface 196 that 
10 permits the microprocessor 180 to receive varioxis call 

status information made available by the transceiver 20 
a-h. The RSSi signal level is supplied to the analog 
to digital converter 180 d. 

A call progress detector integrated circuit 19 2f Is 
15 used along with an energy envelope detector 194 for 

helping the microprocessor 180 determine if tones 
generated by the transceiver 20 and/ or network, are f ast 
busy, reorder, ring signals or the like. . An audio 
Interface 198 couples the audio inputs and outputs of 
20 the transceiver 20 to the DTMF transceiver 184, the 

call progress detector 192, to the energy detector 194 
and an optional telephone line interface and telephone 



Each interface/ controller module 18 has four 

In 

microprocessor stores various information necessary for 
the cellular transceiver 18 to operate with the network 
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to be tested. In the calibration mode, tne 
interface/ controller module 18 is calibrated to the 

levels of the transceiver 20 and 
data is stored in the EEPROM 188. In the 



monitor mode, the transceiver receives channels for 
monitoring the RSSi and performs the function of a 
monitor transceiver. In the call mode, the transceiver 



operational parameters associated with the 
network. There may yet be a sixth, answer mode where 
the transceiver receives incoming calls. 

Figure 3 shows a partial state diagram for the 
operation of each interface/ controller module 18 a-h in 

In State X 100, 



interface/ controller is in a wait state. Upon receipt 



interface/ controller module 18 commences in State II 
102. During initialization, the interface/ controller 
module 18 a-h receives certain control parameters such 
20 as stairt time over the bus from the computer 12. After 

initialization, the interface/ controller 18 waits for 
a control chaimel in State IX 104. If no control 



that status in State VI 106 to the computer 12 and 
returns to State I 100. If the time is adequate,, the 
interface/ controller 18 will wait for a system 
identification in State VIII 108. If State VIII 108 
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indicates no service, the interface/ controller will 
report that fact over the bus to the computer 12 in 
State VI 106. Once State VIII 108 has been completed, 
the interface/controller will send the number over the 
cellular network to initiate a call in State III 110. 
The interface/ controller module 18 then waits for 
receipt of a pound (#) signal transmitted by an land- 
line noise measurement station 30 described below in 
State IV 112. If no pound symbol is received within a 
predetermined time period, the absence of the receipt 
of the pound signal is reported over the RS 232 bus to 
the compu-ter 12 in State VI 106. 

Alternatively^ the start of the call may result in 
a busy condition^ a reorder or a dropped call. In 
state VII 114, the interface controller IS determines 

m 

if the maximum number of retries to initiate a call has 
been exceeded. If the maximum number has not been 
exceeded, the interface controller module 18 returns to 
$tate IX 104. If the maximum number has been exceeded, 
data regarding the number of attempts is reported by 
the interface controller at State VI 106 to the 
computer 12. 

If the pound signal is detected, ^e 
controller module 18 enters State V 116. If 
is dropped, the interface controller goes to State VXI 
114. Otherwise, the call will eventually , exceed the 
mayimmn duration and be terminated. 
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During state v 116 , various operational paraaieters 
as signal to noise ratio, and quiet line noise 
termination may be determined by the digital signal 
processor 13 for storage on the mass media 15. 
operational parameters associated with the ongoing 

also be provided to the computer 12 for storage. 
In addition, the date and time of the call may be 
transmitted over the audio channel by the DTMF 
transceiver 184. After completion of State V, the 
10 completion of the call is reported in State VI 106. 



assemblies 16 a-h may only be iised for detenaining 
network access time. In that event, upon detection of 
the pound (#) symbol in State IV 112, the interface/ 

15 controller module 18 a-h will cause to transmit over 

the voice channel through the network the appropriate 
call identification. That call identification may be 
comprised of a niimber assigned in seqpience for a call 
identification, a tremsceiver assembly number emd the 

20 call type for that transceiver. Subsequent to the 

transmission of the call identification, 
interface/ controller module 18 a-h ent^ state V 106. 

« 

The network access time will be reported' to the 
computer 12 over the bus. 
25 The transceiver 20 a-h should be sultaUdle for with 

the type of cellular network to be tested and may be a 
Model M-20 or M-21 available from Okie Alternatively ^ 
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as is appropriate for the network being tested, any 
computer controllable transceiver such as a GSM, Fleet 
Call, Analog, TDMA, ETDMA, CDMA, TAGS, ETACS, JTACS, 
NMT and Japanese digital type transceiver may be used. 
Bach transceiver 20 a-h should be coupled through a 
co-axial cable (not shown) to a suitable cellular 
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10 



ant.exma (not shown) . 

Also included in the network stimulator 10 is an 
audio multiplexer 22 that couples the receive audio 
channel of each transceiver 20 a-h to the digital 
signal processor 13 • The digital signal processor 13 
may sequentially sample the audio for the receive 
channel of each transceiver 20 a-h to determine the 
signal to noise ratio, the audio spectra of the receive 
15 audio channel and to perform sinad measurement or to 

perform quiet termination noise analysis fof the 
designated one or more of the transceivers 20 a-h in 
real time. As explained below, the data produced by 
the digital signal processor may be stored cm the mass 
20 storage media 15 of the stimulator computer 12 in an 

mobile log file. 

In a preferred embodiment of the invention, at 
least one fixed site network land-line noise 
measiirement station 30 as shown in Figure 4 may be 
used. This land-line noise measurement station 30 
includes a digital signal processor 32 identical to the 
processor 13 in the stimulator 10 and has at least two 
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suitable jack sockets such as RJll sockets 34 for 
connection to ordinary telephone land lines, 
the network land-line noise measurement station 30 
includes a processor 22, a DTMF transceiver 36, mass 

39 for that mass 
signal processor 32 



storage media 38 and tape backup 
storage media 38. The digital 



audio for each 



incoming phone call over a multiplexer 
determines the signal to noise ratio, 
audio spectra, performs a sinad measur«aent or quiet 
termination noise analysis of the transmit audio 
channels of any incoming calls. The DTMF transceiver 
36 emswers incoming calls and exchanges pertinent 

with the interface/ controller 18 a-h 



transceiver 20 a-h, the cellular network and the 
land lines. The transmitted information may include 



• . • • 



by tlie global 
time/position receiver, the date, call conditions and 
information relating to other operational emd control 
parameters for the appropriate transceiver assembly 16 
a-h. Appropriate data is stored in an answer log file 

m 

on the mass storage of the fixed site network land-line 



The cooperative operation of the mobile network 
stimulator XO and the fixed site network lEind-line 
noise measurement station 30 will now be described. As 
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the mobile vehicle (not shown) containing the 
stimulator 10 starts to drive through a preselected 
portion of the cellular network, operators turn on the 
stimulator computer 12 , the vehicle location device 14 , 
5 and each of the transceiver assexoblies 16 a-h and the 

land-line noise measiirement station. 

The stimulator computer 12 in the mobile van 
operates through the respective interface/controller 
module 18 a-h upon each of the transceivers 20 a-h. 

10 The operations of the computer 12 are under control of 

a predetexrmined program that implements one or more 
user designated testing scenarios. Control patrameters 
representative of a scenario may be manually entered 
via a keyboard into the computer by the operator in 

X5 response to prompts on a command menu displayed on the 

monitor of the stimulator computer 12. Alternatively, 
control parameters may be pre-programmed in a file 
format compatible with the control program for the 
stimulator computer 12. 

20 In response to the control parameters for the 

progrcun, the stimulator computer 12 frecpiently causes 
at least one of the transceivers 20 a-h to initiate 
telephone calls over at least one cellular network. 
The stimulator computer 12 sends the appropriate 

25 control parameters for a transceiver through the 

appropriate interface/controller module 18 a-^h of the 
appropriate transceiver 20 a-h. These control 
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parameters for a given transceiver may include 
number to be dialed, the duration of each call, the 
frequency for redialing that number, when to end 

channel to monitor or to make a call on or 
the liJce. Preferably, the number to be called should 
be the number for a line connected to the land-line 



noise 

The stimulator computer 12 monitors the status of 
those treoiscetvers 20 a-h through 
10 appropriate one of the interface/ controller modules 18 

a-h and through the digital signal processor 13. 
Operational parameters associated with each of the 

20 a-h that permit the computer 12 
determine network performance are sent through the 
-L5 appropriate interface/ controller module 18 a-h to the 

stimulator computer 12 for recording on the mass 
storage device. The operational parameters from the 
transceiver assembly 16 a-h may include the period of 
time before a call is initiated, the specific channel 
20 on which the outgoing call is initiated, the RSSi, 

whether the call has been blocdced, whether the service 
is unavailable, how often -Oie transceiver is handed off 
during a call 2aid whether the call has been dropped* 

In some instances, the computer 12 may have to 
25 process the operational parameters associated with the 

call to derive the desired operational parameter from 
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regarding the status of the call such as the duration 



laay have 



to be 
20 
of 



from the time when the 



started and ended a call. 



Thus, 



operational parameters may Involve 
both direct measurement and derivation through various 
calculations- In addition, the computer 12 may store 
an operational parameter only when the change in the 



Through the use of the digital signal processor 
13, the computer also monitors the signal to noise 
ratio in each of the receive channels, performs 
spectral emalyses for each of the channels, measures 



Any of the desired data may be recorded on the 
mass storage media 15 of the computer 12 in one or more 
data files for later analysis along with the time of 
the measurement of the various operational parameters. 
The stimulator computer 12 regularly receives data from 
th^ vehicle location device 14 and records the position 
and velocity of the vehicle of the network stimulator 
10 along with the time the vehicle was at a given 



In a like manner, the network land-line noise 
measurement station 30 regularly samples the noise 
quality of the incoming calls to determine the cpiality 



of the audio on 
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transceivers 20 a-h and records the data and the tiae 
of the measurement on a suitable recording medium. In 
a preferred embodiment of the instant invention, the 
doclcs of the two computers should be syncshronized by 
transmitting over the transmit channel the time of the 
stimulator computer 12, which is locked to the time 
detected by the global positioning satellite receiver 
or to the master clodc of the mobile telephone 
switching office (MTSO) equipment. Still further, the 
land-line noise measurement station 30 may also 
initiate telephone calls through a modem to the 
cellular telephones located in the stimulator 10. 

In an embodiment of the invention, a typical 
scenario controlled by the stimulator computer 12 is 
L5 for two transceiver assemblies 16 a-b to initiate calls 

over different, competitive cellular networks at a high 
rate. A purpose of the high rate of ceais is to obtain 
information eJDOUt network access time, the freqpienc^ 
and the location of blocked calls and of no service 
20 situations, multiple co-channel interference and the 

current system identification to evaluate ROAM areas. 



Under this typical scenario, two additional 
transceivers make a phone call to the leuid-line noise 
measurement station 30 over the two networlcs with each 
call having a relatively long duration. The stimulator 
computer 12 through the digital signal processor 13 
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monitors these transceiver assemblies 16 c-d to 
determine audio quality for the receive channel of the 
transceivers 20 c-d. The stimulator computer 12 also 
monitors the transceivers 20 c-d through the 
5 interface/ controller modules 18 c-d for dropped calls 

and handed off calls. In addition, the land--line noise 
measurement station 30 may monitor the incoming call 
and use the digital signal processor 32 of the land- 
line noise measurement station 30 to monitor the audio 

10 transmit channel of the transceivers 20 c-d. 

Further, a fifth transceiver assembly 16 e 
receives the channel number for at least some of the 
other four transceiver assemblies 16 a-d. The fifth 
transceiver, called a monitor transceiver, may be used 

15 for monitoring control channels and adjacent channels 

and for measuring co-chsmnel interference on the voice 
channels. Co-channel interference may be measured by 
continuing to monitor the KSSi for a given channel 
after the handof f of a call on that channel and after 

20 termination of a call on that channel. During a few 



events, the cell will not use the channel for a call* 
Adjacent channel interference may be measured by having 
the monitor transceiver assembly 16 e monitors 
operational parameters associated with the voice 
channels adjacent to the cheomels beting used by 
transceivers assemblies 16 a through d and all control 
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Channels. In addition, the fifth transceiver assembly 
16 e may also occasionally monitors RSSi for all of the 
42 transmit and receive control channels available 



the two competitive 
additional transceivers (not shown) may initiate calls 
other cellular transceivers (not shown) for 



The frequency with \rtiich a transceiver initiates 
a telephone call over the network depends upon the 
10 operational parameters that need to be 

example, if the only desired operational parameters to 
be measured concern blocked calls, dropped calls during 
call setup, access time and no service or 
operational parameters associated with call initiation, 
duration of a call will be very short. For 
measiiring call operational parameters of noise, hand 
offs of calls, dropped calls or other parameters 
associated with an ongoing call, the duration of the 
call should be made appropriately longer, at least 
20 thirty to six hundred seconds long. 

After the mobile stimulator 10 has finished with 
making the necessary calls under the user designated 
scenario, the mobile log file data stored on the mass 
storage 15 of the network stimulator 10 and the answer 
log file stored on the land-line noise measurement 
station are typically combined into one common data 
file. The combined data file may be in a dBase 
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compatible file format suitable for use with the dBase 
computer program of Ashton-Tate or other commonly 
available database management software. Since the data 



for both 



the stimulator log file and the answer 



log 

clocks of 



stored according to synchronized 
both computers, the data base program is 
correlate the position of the network stimulator 10 for 
any of the parsmetric data Stored by the land-lxne 



Mapping software such as Map Info (in the suitable 
operating system version) available from Map Info may 
then be used with the stored database information in 



The mapping software can use the 
stored positional data to correlate the position of 
various identified operational parameters with the 
positions on a map representing where the operational 
parauneter was measured. Referring to Fig\ire 5A and 5B, 
symbols 52 show where blocked calls, dropped calls 
poor signal quality or other operational parameters 
associated with a call sore shown on a map defined on a 
medium such as paper or a video display * Maps allow 



to r 



areas where modifications should be made to 



the network. 



In Figure 5C, through the uee of 



operating systems such as Microsoft Windows, It is 
possible to display the particular guwtitative data in 
separate windows 54 that is represented by eadh 
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to better associate tlie actual s-ta^s-kical 
measurements with the location where problems may 

In addition, as shown in Figure 9, a window may 
5 be generated to show parametric data leading up to an 

event such as a dropped call, so the system engineers 
may study the vetcious measured parameters to detenaine 
the cavise of a given effect such as dropped call. 

In addition to being used in the disclosed 
XO embodiment, the disclosed invention may be included in 

a cellular phone for a vehicle or the disclosed 
invention may be used with other types of radio 
communication networks. An ordinary cellular phone loaay 
be modified to include data recording equipment for 
15 monitoring the parameters associated with the servicing 

of the calls placed from that phone. In addition, a 
position location device such as a global positioning 
satellite system described etbove should be coupled to 
the data recording device. At vaurious times, the data 
20 for these parameters may be downloaded from the data 

recording device in the vehicle. 

An example of a use of the invention with other 
types of networks is the use of the -invention for 
ascertaining system perfoin&ance of a p^sonal 
25 communication system radio network inside a building 

such as those available from Motorola and Ericcson. 
Preferably, in such embodiments, the stimulator 
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comprises a plurality of personal communication system 
transceivers mounted on a small cart. As Idle cart 

^ moves through the service area of the network within a 

building, appropriate parametric data may be recorded 
5 by a computer mounted on the cart and by a base 

computer. In addition, the location of the cart may 
either be provided by a location device such as the use 
of computerized range finders using triangulation or 
may be manually entered by the operator. 

10 A still further use of an embodiment of the 

instant invention is to have stimulators 10 located at 
fixed sites for dynamic network reconfiguration. By 
using such transceiver assemblies 18 in a monitor mode, 
for example, data about the performance of a network 

15 cell can be compiled. The data may include ItSSx data 

. for all voice and control channels, channel usage 
information or the like. In addition, one or more 
i:ransceiver assemblies 16 may initiate calls over the 
network to determine various operational parameters of 

20 



The data from each stimulator 10 regarding 
operational parameters may be transmitted over a land 
line or a. cellular network from a plurality of such 
stimulators 10 to a host computer (not shown) • That 
host computer may then dyneunically reallocate channels 
to different cell sites or alter the power output of a 
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cell transmitter in response to computerized analysis 



Figiire 6 is a block diagram of yet another 
embodiment of tJie invention with a subscriber interface 
5 network performance terminal 210. 

performance terminal 210 is mounted inside the vehicle 
(not shown) of a subscriber to a cellular network- 
Also mounted inside the subscriber vehicle is a 
cellular transceiver 220 such as an Oki Model TRU-GQl 
XO coupled to a cellular eintenna 222. Alternatively, as 

is appropriate for the network being tested, any 
computer controllable transceiver such as a GSK, Fleet 
Call, Analog, TDMA, ETDMA, CDMA TACS, ETACS, JTACS, 
NMT and Japanese digital type transceiver may be used. 

The cellular transceiver 220 is coupled to the 
internal bidirectional bus 212 of the terminal 210. 
The terminal 210 includes a terminal controller 214 auid 
a mobile data modem 216 that aire both coupled to the 
internal bus 212. coupled to the modem 216 is a modem 
20 anteima 215. optionally |. the performance terminal 210 

may further include a positioning system 218 such as a 
global positioning satellite (GPS) receiver or 



the controller 214 may include a digital signal, 
processor to perform operations described above. 
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In those embodiments that lack a positioning 
system 218, positioning information may be provided by 
obtaining from the cellular transceiver 220 the 
particular cell with which the transceiver 220 is 
commimicating* For more precise positioning, the 
processor can triangulate position by monitoring the 

cell sites according to algorithms 



RSSi from 

already used for obtaining the position of the vehicle 
of a given transceiver 220. 

The controller 214 receives 
information from the transceiver 220 for each call 
placed using the transceiver. The parametric 

information may include information such as call 
status, cell site, RSSi strength, and SAT information 
in the manner described for the embodiment of Figure 1. 
The controller may also receive the audio signal and 
use a digital signal processor to perform signal to 
noise ratio analysis, measure quiet termination noise 
or the like. 

Xn addition, the terminal 210 may also include a 
secondary cellular telephone transceiver 217 having an 



monitoring 
In yet another embodiment of the 
invention, the terminal 210 is contained within the 
housing of the cellular phone. in such embodiments, 
rather than using separate processors, digital signal 
processors and programs, the entire control program / 
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call scenarios, and digital signal processing functions 
may be integrated to use the processors, digital signal 
processors and program memories used for operation 
the cellular telephone. Such a phone may be built by 
adapting the terminal 210 to resemble the shape of an 
ordinary cellular phone including a microphone and 
speaker and to include the transceiver 220 within the 
terminal 210. In that event, the controller 214 may 
also be the controller for the transceiver 210 and 



10 

The controller 214 preferably comprised of a 
microprocessor and a reprogrammable memory monitors the 
status of the cellular telephone over the b\is 212. The 
controller 214 detects one or more parameters relating 

15 to system performsmce with respect to the phone 220 

sucli as blocked calls, dropped calls, RSSl, hand offs, 
co-channel RF noise, co-channel audio spectrum 
analysis, no service, signal to noise ratios, fast, 
busys and reorders. The controller 214 may also 

20 moni'tor the status of one or more of these parame-ters 

periodically or upon a certain predetermined ^thresholds 
having been reached. 

The controller then causes 
the detected parameters to be furnished to the mobile 

25 data modem 216 for transmission over a suitable digital 

radio data network such as the Ardis Network available 
through Motorola of Schaumburg, Illinois as shown in 



BNSOOCIp;<WO 9315569A1 I > 



.BMS.Daaed2 



wo 93/15569 



PCT/US93/00S79 



31. 



10 



20 



Figure 7. other suitable 
may include Celluplan, Mobitex, Ramdata and Cellular 
Data. Depending upon the maximum data rate for the 
digital radio data network and other traffic such as 
from additional terminals 210, the digital radio data 
network will be unable to carry all data recorded. To 
reduce the amount of data transmitted over the digital 
radio data network, different data transmission schetaa 



may 



be utilized for transmitting data 



The 



transmission of the data may only occur upon certain 
predetermined events, such as the detection of a 
dropped call, interference above a predetermined limit. 



i below a predetexrmined 
threshold or a no service condition. Such transmission 
schema may also include transmitting recorded data 
relating to the performance of the cellular network for 
only a predetermined time interval before the specific 
predetermined events have occurred. Alternatively, the 
data may be transmitted across the digital radio data 
network at preselected time intervals or at random time 
intexvals based on the digital radio data network 

density as directed by a command from a network 
still further, the data may be transmitted 
over the cellular telephone radio network through radio 
modems on either voice channels or over control 
channels \xsing packet protocols. 
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The network performance terminals 2XO in tlie 
vehicles 230 monitor the cellular transmissions 270 
between the cellular base sites 272 and the cellular 
phones in the vehicles 230. The network performance 
terminals transmit the data relating to the cellular 
network parameters to the base sites 240 comprised of 
multiple modems that are part of the digital radio data 
network. These base sites are coxipled to a the central 
computer 244 of the digital radio data network over for 
example leased land lines 242. The network computer is 
then linked by for example an Ethernet network 250 to 
one or more network memagement terminals 260^ 262 
comprising part of the network 262 used by the system 
controllers . 

Reprogramming of the memory in the controller 214 
may be through a number of different meeuis. One means 
is to reprogram over the digital radio data network by 
trsuismitting a new call scenario and causing that 
scenario to be stored in the reprogrammable memoiry. 
Other alternatives for generating a new call scenario 
are to mount the memory chip or chips containing the 
scenairio in a zero force insertion socket so that the 
progreun memory may be readily replaced. Alternatively, 
a new progreua providing for additional or chemged 
features and new scenarios may be programmed through a 
port, via the digital radio data network or by 
replacement of the memory. 
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In still yet another embodiment, individual or 
xiultiple network performance terminals in specifie 
locales may be reprogrammed through the digital radio 
data network in specific geographic areas so that a 
particular testing scenario may be undertaken for a 
geographically restricted portion of the cellular 
network. For example, it may be desirable to have one 
terminal make a call to another terminal in the same 
area. Such reprogramming may be accomplished by 



10 

network causing the controllers to poll the positioning 

218 for the location of the vehicle. 
Subsequently, those terminals will transmit over the 
data network their telephone number over the digital 
15 network to a controller. That controller may then 

transmit a new scenario including the phone number of 
a stimulator in that locale. The controller of the 
appropriate stimulator will cause that transmitted 
scenario to be stored in the alterable memory, 
20 Alternatively^ all vehicles in a given locale may store 

the new scenario depending upon the comsnands 
transmitted over the digital radio data network from a 
controller as described below* 

In an additional embodiment 300 of Figure 8 for 
installation in a delivery van or the like, two or more 
celluleur transceivers 310 and 312 are moiinted within a 
housing 314 and are coupled to cellulsur telephone 
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antennas 316 and 318 mounted on the exterior of tHe 
delivery van. The cellular transceivers 310 and 312 

to a controller 320 including a 
and a non-volatile rewritable memory 
320a such as a flash memory or an EEPROM. Also coupled 
to the controller 320 are a program port 322, a 
positioning system 324, and a mobile data modem 326. 

mobile data modem 326 is also coupled to an 
external antenna 328 mounted on the delivery vehicle. 

The delivery van embodiment 300 works in a manner 
as described above for the embodiment of Figure 1 



except that there is no operator. Rather,, 
data may be stored in a non-volatile rewritable memory 
320a by entering new scenario data through the program 
poirt 322. Alternatively, the non-volatile memory 320 
and the program port 322 may be replaced with a 
removable scenaxio data memory module. Still further, 
the scenario data may be re-written by transmitting 
data for new scenarios over a digital radio data 
20 network such as Ardis. In such instances, before the 

vehicle departs with the stimulator, the program module 
may be removed to change the scenario that will be 
initiated by the embodiment 300. Still further the 
memory 320a may also contain the program for the 



through any of the methods described above such as by 
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reprogramming through the transmission of data over the 

data network. 

Still further embodiments include placing fixed 

network performance terminals 210 or 300 at the cell 
sites for testing system performance at the cell sites « 
These network perfoarmance terminals do not initiate 
calls but rather monitor the same system parameters and 
provide the measured parameters via land line, a 
digital radio data network or through unused con-trol 
channels back to the processor for incoming calls to a 
cell site for subsequent correlation with the 
parameters measured by the mohlle performance 



20 



In the preferred embodiments, when data relating 
to system parameters is transmitted from a network^ 
performance terminal 10, 210 or 300 to the network 
m8uiagement terminals, the data may be compiled in'to a 
log file for subsequent data manipulation and 
correlation. The system managers may then select the 
info3nnation that they desire to see displayed in a 
number of different formats for use by the network 
managers. In a preferred embodiment, a map 40X of the 
entire area covered by the cellular system or portions 

400 of that system are displayed on the display or In 
a window of the display as shown in Figure 9. The map 

401 displayed may be Map Info for the appropriate 
operating system available from Map Info or Atlas 
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Alternatively, the map 401 or overlay may be for a 
proprietary system sucli as those common in propagation 
models for comparing models with measured conditions. 
Icons representing various system parameters such as 
dropped calls, blocked calls, no service 402a-e or the 
like may be displayed at the location where various of 
these parameters have occurred. In an additional 
window 408, the key for these various icons may be 
displayed. 

Further, by moving a mouse icon (not shown) to a 
location 402g in the map 401 and depressing a 
predesignated button (not shown) on the mouse (not 
shown) a third data window 406 may be created on the 
display providing the detailed parameters regarding a 
paxrticular call occurring before the predesignated 
event such as a dropped call. A fourth window 404 
showing the key for the information in the data window 
may also be displayed. 

The data window 406 is typical of the information 
that may be displayed for a dropped call * The columns 
include 1 (1) the time that the information was 
recorded, (2) the channel number of the call, the base 
to mobile noise measured in dBm by a stimulator 10 or 
210, (3) the mobile to bsise station noise measured in 
dBm by a stimulator located at the cell site, (4) the 
KSSi in dBm measiired by the mobile unit and the cell 
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site, (5) adjacent cliaimel carrier to 
ratios (C/A) calculated for the cell sites and the 
stimulator for the higher adjacent (+1) and the lower 
adjacent (-1) channels, (6) the mobile transceivers 
receive and transmit status, (7) the status of the 
mobile tremsceiver, (8) the mobile and base supervisory 
audio tones, (9) the attenuation level of the mobile 
phone transceiver, and (10) a brief description of the 
data being displayed. In addition, vhen a call is 
dropped as in 

strength has been measured, showing a carrier to 
interference ratio of 19 dB for the co-channel, which 
is at the frequency chcumel 415 in this example « 

Still further, the measured data iriay be used to 



performance of the network. In particular, based upon 
comparisons between projected network performance and 



of the C/I 
model may be i 



Further, by using the actual measurements made with the 



of the model may be i 
separate the model can provide projections for 
performance in smaller geographic areas. 

In addition, the information regarddlng parameters 
may be compiled in a database by providing the data 



tremsmitted over the network in a comma delimited ASCII 
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format for compilation using standard database programs 



data may then be manipulated to arrive at 



statistics for a 



related to system performance for different geographic 
regions within the system. Those parameters may be 



displayed on a 



display such as in a window 



containing a 



witli icons representing areas with for example higii 
levels. The user may then use a mouse to obtain 
detailed statistical information by clicdcing on 



Yet a still ftirther 
embodiments is to have a high speed work station such 
as a RISC (reduced instruction set computer) parallel 
processor monitoring the received data at the network 



260 (Figure 7) . 

incoming data for 
problems such as 
at a rate sibove a 
processor may also 
celltilar switches about traffic loads. Preferably high 
end processors such as the Motorola IIC68000 and 88000 
family processors or minicomputers such as Micro-Vaac'^s 
suitable for use with a UNIX operating system are 



BNSDOCID: <WO 9315569A1 I > 



BNS Daqe.4C 



^^^^ PCr/US93/00579 
WO 93/15569 3 9^ 



Tlie RISC processor may be operated in response to 
an expert program and artificial intelligence to 
determine how well the cellular system is operating 
throughout the coverage area of the system* The 
artificial intelligence program using an expert system 
may readily distinguish between different types of 
noise that are detected such as adjacent channel 
interference , co-channel interference , 
modulation, fading and multipath problems* 

For example, adjacent channel interference may be 
identified by comparing carrier to interference ratios 
of adjacent channels. Interference ratios above a 
predetermined level such as -5dB would, absent other 
overriding factors like an electrical storm for 
example, be deteirmined to be the ca\ise of an effect 
such as a dropped call by the processor* In addition, 
by monitoring for conditions such as cochannel ratios 
of less than 18 dB, locales having substantial 
interference may be pinpointed unless other 
contributors to interference are noted. 

Co-channel interference may also be determined 
through usdLng the digital signal processor in the 
transceiver for co-channel interf er^ce. If while 
monitoring the chauinel before call completion, 
substantially more noise is detected in the frequency 
band of the audio signal of approximately 400 to 1X00 
hertz with spectral components lOdB highi^ than in the 
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interference- Figiare 10 sliows an 



of tiie audio 
between tlie 400 



spectra of a channel 



hertz f7 and 1100 hertz f 17 is about 10 



dB greater than the 

In addition r 
may further use 



ambient noise in the audio spectra 



meastired historical data stored in a 



particular system to predict where problems in 
cellular system such as dropped and blocked calls 

The expert program may also integrate 
propagation models such as network management system 



In response to the received information and the 



commands via a bridge 254 to one or more cellular 
switches or cell sites to increase the transiaission 
power of cells or subcells, allocate more channels to 
a cell or to activate a sub-site within a cell for 
example- Still further, the tilt of a network antenna 

rotatable platform at a cell site may be 



on a 
in 



altered in response to a control signal from 
computer treuismitted to a cell site antenna to reduce 
interference. Thus, the cellular system may be 
dynamically reconfigured in response to the actual 
conditions present throtighout the system for maximum 
utilization of the spectrtim and for minimizing problems 
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experienced by customers . 
analyzing the data, the system operator may 
data and manually transmit control signals 



dynamically reconfiguring the network. 

In addition to using a separate dedicated 



some 



processor, the cellular switches may be used for 
or all of the computational work discussed above for 
the processor. In particular, where automatic dynamic 
reconfiguration of the network is desired, use of the 
cellular switches for performing the analysis and 
controlling reconfiguration simplifies the design of 



line noise measurement station 30 may be built into the 
MTSO switch. 

In addition, for cellular systems that desire the 
dynamic control of the system without the capital cost 



switches, the measured data may be transmitted over a 
trunk land line to a central computer or a super 
computer • That central computer may provide the 
dynamic network management capability to a vsariety of 
such . different networks systems as a service bureau. 
In addition to using a RISC based processor, any CISC 
processor providing sufficient computing power may be 
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Additional uses of alternative embodiments for the 
disclosed invention is to provide parametric 
measurements and/or dynamic control for paging 
networks, mobile data networks and satellite based 
mobile telecommunication networks such as Motorola's 
proposed Iridium system. For testing a paging system 
by way of example, a mobile van (not shown) similar in 
construction to the stimulator 10 is used. However, 
the system 500 in Figure 11 in a mobile van contains 
one or more pager receivers 502a-b with interfaces 
503a-b and a global positioning system (not shown) 
coupled to a computer 504. The interfaces 503a-b are 
of similar construction as the interfaces of Figure 2. 
In response to paging calls placed by a dialer such as 
a modem 508, preferably coupled to the computer 504 
mounted in the van, repetitive paging calls are placed 
to the paging network for initiating pages. The pagers 
502a-b receive the incoming pages. Through the 
respective interface 503a-b coupled to each pager, the 
reception of the page is logged by the computer along 
with the position of the van for correlation with the 
outgoing call. If no page is logged within a certain 
time limit of when a call heis been placed,^ a potential 
gap in the coverage of the paging network may be have 
been detected. Still further, by mounting circuitiry 
506 for detecting the paging channel signal strength 
for both when the paging network is free and when 



9315569A1 I > 



wo 93/15569 43 . PCr/US93/00579 



paging calls are being transmitted, signal strength and 
signal to noise ratios can be measured calculated and 



locations where veorious conditions occurred such as no 
5 reception of a page and high signal to noise ratios can 

be displayed on a map using software such as Map Xnfo 
as described above with respect to Figure 11. 

Still further, for digital radio data networks, 
such as Ardis, Celluplan and Cellular Data^ embodiments 

10 of the disclosed invention such as the stimulator 210 

may also be used for testing various parameters of the 
network. Such embodiments typically comprise a mobile 
van containing a computer implementing one or more 
testing scenarios. The computer is coupled to one or 

15 more digital data mod«QS coupled to an antenna for 

transmission over the network. One or more computers 
located at a fixed site are also equipped with at least 
one modem and are coupled to the digital radio data 
network through a land line or preferably by being 

20 located directly at a 

network* 

Bit error rates CcOi be determined by transmitting 

messages over the network between the computer in the 

mobile van and a computer located elsewhere. Each 
message preferably includes error encoding such as 
block coding such as BCH or Reed Solomon codes or 
convolution coding separate from the coding, scheme ot 
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the network. When the computer receiving the 



the computer located in the van, the position of 



Packet or frame errors may also be determined from 
transmitted messages- Depending upon the protocol 
used by the network, the coaqouter receiving the 



absence of a header or a trailer for the frame or the 
packet, frame or packet lengths exceeding the length 
indicated in the header, or the like. In addition, 
cdiannel blockage and dropped links in the network along 
with positional information may be recorded. 
Statistics based upon the freqpiencqr of such errors may 
be calculated and correlated with the position of the 



Still fxirther, such a testing unit may also 
20 measure parameters associated with the radio channels 

such as co-channel axiA adjacent channel interference, 
signaJ. strength and signal to noise ratios, in the 



network embodiments . Both the base site computers and 
the mobile vans may be programmed to implement a 
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The measured parameters such as signal strength or 
bit errors may be stored along with positional 
information and time on a storage media of the computer 
for later compilation. The same type of icons 
described above may also be used for displaying events 
along with providing windows for displaying measured 



Also, in both the paging system of Figure 11 and 
the digital radio data network testing system, 
10 different scenarios for testing may be implemented by 

m 

loading new scenario files into the computer or by 
selecting among prestored sceneurio files for use by the 
program in the computer. These scenarios may also 
include only recording certain of the measurable 
parameters and only maintaining storage of parameters 



for dyncusiic network management or for real tdLme system 
monitoring, the data from the various measurements may 
be relayed for use at a central computer over a digital 
20 radio data network. 

Further, it should be imder stood that the 
foregoing embodiments sure illustrative only. For 
example, the stimulator computer may be any type of 
processor including a dedicated micro-controller or a 
hard wired circuit. For an understanding of the true 
scope of the invention, the claims should be studied. 
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I claim: 

1. A method for determining the quality of a 
cellular telephone network for a geographical area, 
network comprising a plurality of cells having at least 
base transmitter in each cell , the base transmitter 
coupled to land lines via a mobile telephone 
switching office, the method comprising: 



moving throughout the area; 

repeatedly initiating a call to 
number over the cellular network; 



parameter associated with the call; 



approximately the time when the parameter of the call 



2. The method of claim 1, wherein the parameter 
comprises one of a group of signal to noise ratio, 

" , RSSi, a< 



interference, co-cliaimel audio ^e€rt:r\xm analysis, and 
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3. The method of claim 1 wherein the method 
f virther includes recording the time when the parameter 
and position are determined* 



4. The method of claim 1, wherein at least one 
parameter is recorded only when the parameter changes 
hy greater than a predetermined amount* 



5 • An apparatus for queuititatively measuring the 
quality of a cellular radio-telephone network comprised 
of a plurality of cells, each cell having a base 



a positioning determining unit physically 
associated with said transceiver; and 

a processor coupled to the tremsceiver and the 
position determining unit, the controller repeatedly 
10 (a) causing the cellular telephone transceiver to 



• • • • 



recording at least a parameter associated at. least 
with some of the calls; and 

(b) determining the position of the transceiver 
at least on some of the occasions when the 
parameter is determined and 

(c) recording the position and the parameter. 
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6. A metnod for displaying on a map for a 
geographic sirea to be defined on a meditam based upon 
stored map data, data associated vrith operational 
parameters related to calls made on a cellular network, 
the method comprising: 

repeatedly causing the initiation of a call over 



within the network; 

determining and recording operational parametric 
10 data and position data associated with at least some of 



correlating the position data and parameter data 
with the stored map data; and 

displaying with a predetermined symbol on the 
medium a map indicating for ^ere the selected 



7. The method of claim 6, the method further 
being interactive with a user and including: 

in response to a user command, selecting one or 



where a symbol is displayed; and 

displaying on the medium the selected parametric 
data in addition to the symbol* 
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III 



8* An apparatus for testing the quality of a 
radio telephony network having a plurality of transmit 
and receive channels, the testing being done according 
to at least one testing scenario comprising: 
5 means for providing control data representative of 

the testing scenario; 

at least a first cellular tremsceiver assembly 
having a transceiver and an interface controller and 
adopted to initiate calls over the network, the 
10 interface controller responsive to control parameters 

provided and providing operation parameters associated 
with the call; and 

a central controller including a storage medium, 
the controller being responsive to at least some of the 
15 control data to provide to the control parameters and 

that stores at least some of the operation peurameters 
on the storage medium. 
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50. 



XO 



of claim 8, 
transceiver having 



further including: 



receipt of control parameters and providing operational 



other than the 



channels on which the 

and provides operation 
related to that second 
central controller at least 



10. The apparatus of claim 9, wherein 
channels monitored by the second transceiver is at 

ad j acent 



11. The apparatus of claim 8, wherein the control 
parasneters comprise at least one of the group of phone 

call duration, niaml 
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12. The apparatus of claim 8, wherein the 
operational parameters comprise at least one of the 
group of call status, RSSi, time out retries, connect 
tJLme, the transmit channel for the call to be made on, 

5 power level for the transceiver, call hand offs^ signal 

to noise ratio, adjacent cheunnel interference, co-* 
channel radio frequency interference, co-channel audio 
spectr\am analysis and quiet termination noise analysis* 

13. The apparatus of claim 9, further including 
a digital signal processor means coupled to receive the 
audio signal from at least one transceiver, wherein the 
signal processor means calculates spectra of the audio . 

5 signal to determine the type of interference that the 

trsmsceiver is experiencing. 

14. The apparatus of claim 13, further including 
means for examining the spectra for frequencies between 

m 

about 400 euid 1100 hertz having a level of at least 
about 10 dB greater than the spectra of the level of 
other frequencies. 

■ 

15. The apparatus of claim 8, further including 
a position location device for determining the 
geographic location of the apparatus and wherein the 
controller receives the geographic position of the 
apparatus for storage on the media. 



5 



■5 
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16. A method for testing a radio telepHony 



of a 



to a 



pursuant to definable control parameters 



providing at least a first cellular 
having an interface, the cellular transcei 
control parameters at the interface for controlling the 



9 



parameters associated with the call at the interface 

providing over a period of time dif f ^ent control 

psorameters to the interface; and 

recording over a period of time the operation 

parameters on a suitaQale media. 



17. The method of claim 16, wherein the 
transceiver may be at a plurality of different 
positions within the network and wherein the method 
further comprises determining the position of the 
transceiver in the network when the control parameters 
are recorded and recording said position* 
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18. A me'thod for determining adjaceiit: channel 
interference on a cellular radio -telephony network, the 
method comprising: 

i making a call on the network with a first 

5 transceiver at at least one position; 

determining the chemnel for the call of the first 
"transceiver ; 

measiiring the RF noise on said channel and on at 
least one adjacent channel with a second transceiver at 
XO the same position; 

monitoring the carrier to interference ratio on 
the adjacent channel; and 

recording the measured ratio* 

19. The method of claim 18, wherein the method 
further comprises: 

determining the position of the transceivers and 
recording the position of the transceivers at 
5 approximately the time the measurement is made* 
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20. A method for determining co-channel 



including a plurality of base stations, the network 
having a plvirality of channels and including means 
handing off a call made over the network to 
channel, the network using at least some of the 
channels in at least two cells, thereby establishing 



•Channels, the method comprising: 

a call on the network with a first 
at at least one position on a first 



period after at least 



of a 
to determine an 



for a brief time 



or a 



pEurameter on the associated co-channel of the first 
channel ; and 
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21. The method of claim 20, the method ftirther 



a • 



determining at least one of the time that the 



emd the position of the transceiver when the 



recording the determined time or position. 



22. A method for testing a cellular radio 
telephony network comprising: 



initiating a call on that transceiver to at least 



coupling a computer to be responsive to an 
call at that number to establish a connection 
between the transceiver and the computer; and 

measuring quality of the audio channel of the 
10 incoming call emd storing data representative of that 

call. 
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23- A me-tliod for dynamically reconfiguring a 
cellular network, the network comprised of a plurality 
of cells, each cell having a plurality of channels for 
communication and each cell having at least one 
transmitter having a controllable power level, wherein 

one network controller c< 
of altering the allocation of at least some of the 
channels allocated to a given cell and the output power 
of the transmitter in a cell; 
10 the method comprising: 

in at least a 



monitoring operational pareuaeters in each such 



transmitting at least some of the operational 



channels euid the output power of at least one cell. 



24. The method of claim 23, at least one of the 
monitored cells havdLng a plurality of cell sectors with 

different channels allocated to different sectors 

* 

within the cell, the method further including altering 
the allocation of the channels to different cell 



% 
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25. The me'thod of claim 24, eacb. moni'tor 
^transceiver further including mesms for initiating 
calls over the cellular network and means for 
determining operational parameters associated with said 
calls and the method further comprises^ 

transmitting at least some of the operational 
pcorameters associated with the calls to the controller; 
and 

altering the allocation of at least some o£ the 
channels between cell sectors in response to the 
transmitted data. 
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26* Xn a 



ne-twork, the unit comprised of a housing defining an 
earpiece containing a speaker, and a mouthpiece 



for a user to control 



housing 
the unitr an 



a 



transceiver responsive to the microphone, the keypad 



a radio modem mounted vithin the housing for 
transmitting data over a data network; and 

a processor mounted within the housing and coupled 



of any telephone call made by the transceiver and 



the data related to a 



radio modem for transmission over the data network. 



27. The unit of claim 26, wherein the processor 
only provides to the modem data obtained within a 
predetermined time interval of a predetermined event 
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28. The unit of claim 27, wherein tihe 
predetermined event is at least one of a dropped call, 
a blocked call, a signal to noise ratio below a 
predetermined threshold, noise above a predetermined 
5 threshold, reorders, fast busy, RSSX below a 

predetermined threshold and a no service condition. 

29. An apparatus for testing the quality of a 
radio telephony network having a plurality of transmit 
and receive channels, the testing being done according 
to at least one testing scenario comprising: 

5 means for storing control data representative of 

the testing scenario; 

at least a first cellular transceiver assembly; 
a controller, the controller being responsive to 
at least some of the control data to operate the at 
0 least first cellular transceiver assembly and to 

receive operation parameters associated with the 
progress of a call made using the transceiver; and 

a radio modem responsive to the controller for 
transmitting at least some of the operation parameters 
5 over a data network. 

» 

30. The apparatus of claim 29, wherein the means 
for storing the control data comprises a replaceable 
module whereby the test scenario may be altered 
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31. Tlie apparatus of claim 29, wherein the means 
for storing the control data comprises an alterable, 
non-volatile memory and the apparatus has a means for 
altering the control data. 

32. The appeoratus of claim 29, \^erein the means 
for storing the control data comprises an alterable 
memory responsive to control data transmitted to the 
apparatus over the data network. 

33. Ihe appeuratus of claim 29, wherein the 
controller has an alterable program memory storing a 
program to enable the apparatus to operate at least 

« 

first cellular phone in different manners and the 
5 apparatus has means for reprogramming the program 

memory in response to a new program transmitted over 
the network. 
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34 • The apparatus of claim 29, wherein ^e 
appara-tus has a mecuis for deteinaining the position of 
the appeuratus and the modem may receive transmitted 
scenarios for vehicles located within a predetermined 
5 portion of the cellular system, and the controller 

having: 

an alterable memory for storing a scenatrio for 
the apparatus to perfozm to measure parameters 
associated with the performance of the network; and 
10 means responsive to the position determining means 

for causing the contents of the alterable memory to be 
stored with the transmitted scenarios. 
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35. A method for dynamically reconfiguring a 
cellular network, ttie network coinprised of a plurality 
of cells, eacH cell having a plurality of channels for 
communication and each cell having at least one of a 
celliilar switch or a cell site having a controllable 
selection of usable communication channels and power 
levels, wherein the network has at least one network 
controller capable of transmitting control signals 
altering at least one of the output power level and the 
allocation of at least some of the chamnels allocated 
to a given cell and means for providing parametric data 
relating to calls being placed over the telephone 
network; 



the method comprising: 



15 




analyzing the parametric data for problems and 
trends in the performance of various cells in the 
network ; amd 

20 transioitting control signals to the at least one 

of the cellular switches or cellular sites to alter the 
operation of said at least one of the cellular switches 
or cellular sites. . ..~ . 
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36. The method of claim 35, wherein the control 
signals alters the output power of the channels of said 
at least one of the cellular switches or cellular 
sites • 

37. The method of claim 35, wherein the control 
signal alters the selection of channels of said at 
least one of the celluleir switches or cellular sites- 

38. The method of claim 35, wherein the 
parametric data includes spectra data of the audio 
signal and the method of analyzing the parametric data 
comprises comparing the spectra with stored spectra 

5 patterns to determine the nature of interference with 

respect to a call. 



39. The method of claim 38, the method fwther 
including receiving position information associated 

\ 

with the parametric data received for a call. 

j 

5 

40* The method of claim 35, wherein the network 

I 

has at least one tiltable antenna and transmits a ! 
control signal to the antenna to change the tilt of the | 
antenna and thereby reduce interference. | 

s 

5 
i 

; 
i 
i 

] 

i 

! 

i 

i 
i 

i 

i 
! 
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41. Tlie method of claim 39, \fliereiii the position 
information is the c&H from which the transceiver is 
operating. 

42- The method of claim 35, wherein the analyzing 
step is performed at least in part by the mobile 
telephone switch. 

43. An apparatus for testing a cellular telephone 
network for a geographic surea operable in response to 
cellular transceivers and said area being serviced by 
a secondary digital radio data network, the apparatus 
comprising: 

a controller responsive to at least one 
transceiver for receiving parameters from said at least 
one transceiver relating to a telephone call made with 
the transceiver; and 

a modem responsive to the controller for 
transmitting the data over the network. 

44. The apparatus of claim 43 for transmitting 
data, the controller causing the modem to transmit data 
over the network only in response to a predetermined 
condition. 
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45. A cellular telephone transceiver unit for 
making telephone calls over a cellular telephone 
network having control channels, the unit comprised of 
a housing defining an earpiece containing a speaker and 
a mouthpiece containing a microphone, the housing 
containing a keypad for a user to control the unit, an 



the antenna, the unit further 



xo a radio modem moimted within the housing for 



a processor mounted within the housing and coupled 
to the transceiver, the processor monitoring the status 
of any telephone call made by the transceiver and 
15 providing at least some of the data related to a 

pcurameter of at least some of calls to the radio modem 
for transmission over the control channel « 



46. The appsuratus of claim 44, wherein the data 
is transmitted accordino a 
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47. A metHod for testing a portion of an area of 
a cellular telephone network, the method ccnqorising: 

providing a plurality of network perfoinaance 
terminals moving throughout the geographic area of the 
network, at least some terminals having a means for 
determining its location within the network area and 
capable of measiiring a variety of parameters related to 
network performance in response to a scenario stored in 

an altereible memory; 

transmitting to the network performance terminals 
within a predetermined portion of the cellular network 
a scenario for testing; and 

having the terminals while within the 
predetermined portion of the network measure the 
petrameters stored in the alterable memory. 
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48. A method for testing a paging network 
comprised of an automatic paging equipment responsive 
to touch tones provided by a DTMF telephone dialer, the 



method comprising: 

providing at least one pager moving throughout the 

network ; 

repetitively signaling to the at least one pager 
through the dialer; 



10 within a predetermined interval of each signal; and 

recording the location of the pager when a page is 
not received within the interval. 



49. The method of claim 48 further including: 
providing means for measuring psurameters 
associated with the signaling of the paging; and 

recording at least some of the measured 
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50. A method for testing the performance of a 
digitai radio data network ^ the method comprising: 

providing at least one node of the network moving 
throughout the network; 

transmittdLng information over the network from the 

mobile node; 

measuring parameters associated with the 
transmission of the information; and 

recording the measured parameters. 

51. The method of claim 50, the method further 
comprising: 



providing at least one fixed node in the network; 




52. The method of claim 50, the measured 
parameters being at least one of signal strength, 
signal to noise ratio, bit error rate and frsuae/packet 
errors. 
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53. A method for measuring parameters associated 
with communications over a cellular radio networX, the 
method comprising: 

providing a controller having a modem at a fixed 
site and coupled to the network by a Ismd line; 

providing a cellular transceiver moving throughout 
the network; 

measuring a parameter associated with a call 
placed by the controller; and 



10 
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